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Transponder system and method 

(57) A transponder system (8) includes a reader 
(10) that interrogates transponders (12. 14. 16) operat- 
ing in full or half duplex and using different protocols 
The reader (10) includes a transmitter (18). an antenna 
(30), a receiver (36). and a controller (42). Each of the 
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transponders (12. 14. 16) include a controller (60) and 
antenna circuitry (52. 54. 56. 58. 64) for receiving an 
exciter signal from the reader (10) and generating a 
modulated signal. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

The present rnvention relates in general to commu- 
nications, and more particularly to a transponder sys- 
tem and method. 



BACKGROUND OF THE INVENTION 

A transponder system typically includes a reader or 
base station that can interrogate and receive responses 
from one or more transponders. The reader generates 
an exciter signal that complies with the protocol of the 
interrogated transponder. The interrogated transponder 
recognizes the exciter signal complying with its protocol 
and responds accordingly. However, as more trans- 
ponder systems are developed, different interrogation 
protocols may be used for different transponders. 
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FIGURE 1 illustrates a transponder system; 

FIGURE 2 illustrates a flow chart of a method for 
operating a reader in the transponder system; and 

FIGURE 3 illustrates the timing relationship among 
components in the transponder system. 

DETAILED DESCRIPTION OF THE INVENTION 



SUMMARY OF THE INVENTION 

From the foregoing, it may be appreciated that a 
need has arisen for a reader that may interrogate and 
receive responses from a variety of transponders oper- 
ating with different protocols. 

In accordance with one embodiment of the present 
invention, a transponder system includes a reader oper- 
able to transmit a selected one of a first exciter signal 
and a second exciter signal. A first transponder located 
in spaced relation to the reader is operable to receive 
the first exciter signal and transmit a first modulated sig- 
nal in response to the first exciter signal. A second 
transponder located in spaced relation to the reader is 
operable to receive the second exciter signal and trans- 
mit a second modulated signal in response to the sec- 
ond exciter signal. The reader is operable to receive the 
first modulated signal and the second modulated signal. 

The present invention provides various technical 
advantages over conventional transponder systems. 
For example, the transponder system allows a single 
reader to interrogate and receive responses from a vari- 
ety of transponders operating with different protocols In 
one embodiment of the present invention, this is accom- 
plished by sequentially transmitting different responder 
exciter signals from the reader. Such an operation 
allows the reader to interoperate with a number of differ- 
ent transponders. Another technical advantage is the 
ability to interrogate transponders operating in both half 
and full duplex. Other technical advantages are readily 
apparent to one skilled in the art from the following fig- 
ures, and the corresponding description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention and for further features and advantages, refer- 
ence is now made to the following description taken in 
conjunction with the accompanying drawings, in which- 



FIGURE 1 illustrates a transponder system 8 The 
basic operation of transponder system 8 can be found in 
U.S. Patent No. 5.053.774 issued October 1 1991 to 
Schuermann. et al.. entitled "Transponder -Arranae- 
15 menV. ^ 

Transponder system 8 includes a reader 10 and 
transponders 12. 14. and 16. In general, reader 10 inter- 
rogates transponders 12. 14. and 16 with an appropri- 
ate exciter signal that complies with the protocol of 
20 transponders 12. 14. and 16. Transponders 12. 14 and 
16 receive the exciter signal and transmit idertification 
data or other information to reader 10. 

Reader 10 includes a transmitter 18 that generates 
different exciter signals that correspond to different 
25 transponder protocols. Transmitter 1 8 comprises a local 
oscfllator 20 coupled to an amplifier 22. Loading cir- 
cuitry 24 couples to the output of amplifier 22 and 
includes in series a switch 26 coupled to a resistor 28 
which in turn couples to electrical ground. 
30 The output of transmitter 1 8 couples to antenna 30 
which includes a capacitor 32 and a coil 34 arranged in 
parallel. The values of capacitor 32 and coil 34 are 
selected to achieve resonance tuning of antenna 30 at a 
selected frequency. Antenna 30 operates to both trans- 
35 mit and receive radio frequency (RF) signals. 

Receiver 36 couples to antenna 30 and includes an 
amplifier 38 and a demodulator 40. Receiver 36 can be 
a broadband receiver or may include filtering compo- 
nents to limit reception to a selected range of frequen- 
ce cies. Demodulator 40 extracts data from modulated 
signals received at antenna 30. The modulated signals 
include identification data or other information from 
transponders 12. 14. and 16 modulated in amplitude 
phase, or frequency. 
^5 Coupled to transmitter 18 and receiver 36 is con- 
troller 42. which includes both processing and memory 
circuitry Controller 42 controls the operation of local 
oscillator 20. amplifier 22, and loading circuitry 24 of 
transmitter 18 using control line 44. Controller 42 also 
50 controls operation of amplifier 38 and demodulator 40 
using control line 46. Data recovered from modulated 
signals received at antenna 30 are coupled to controller 
42 using data line 48. 

Transponder 12 interacts with reader 10 using link 
55 50. Transponder 12 includes a coil 52 coupled in parallel 
with a capacitor 54 that together determine the resonant 
tuning frequency of transponder 12. The antenna 
formed by coil 52 and capadtor 54 operate to receive 
signals from and transmit signals to antenna 30 of 
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reader 10. An additional capacitor 56 couples in'series 
to switch 58. and together capacitor 56 and switch 58 
are arranged in a parallel relationship with coil 52 and 
capadtor 54. A controller 60 of transponder 12 includes 
both processing and memory circuitry. Controller 60 $ 
generates identification data and other information for 
transmission to reader 10 and controls the operation of 
switch 58. 

Transponder 14 interacts with reader 10 using link 
62 and includes several similar components as trans- io 
ponder 12. Transponder 14, however, replaces capaci- 
tor 56 of transponder 12 with a resistor 64. Also, as will 
be appreciated below, transponder 14 may operate in a 
full duplex manner by simultaneously receiving and 
transmitting signals using link 62. is 

Transponder 16 interacts with reader 10 using link 
66. transponder 16 is similar in construction to trans- 
ponder 12, but utilizes a different interrogation and 
response protocol. 

In operation of transponder system 8, reader 10 20 
generates a variety of different exciter signals to interro- 
gate transponders 12. 14. and 16 operating with differ- 
ent protocols. Each exciter signal can be characterized 
by a signal having a selected frequency, duration, or 
amplitude and which may be modulated in amplitude, 25 
phase, or frequency. Each transponder 12, 14. and 16 
may have a different protocol that recognizes and 
responds to a specific exciter signal generated by 
reader 10. 

Exciter signal characteristics are chosen based on 30 
the design and operating characteristics of its associ- 
ated transponder. For example, transponder 12 imple- 
ments a backscatter or ringing response technique that 
successively transmits small bursts of information in 
response to a short pulse exciter signal transmitted by 35 
reader 10. Transponder 16 receives a long exciter signal 
that provides energy to transmit a single burst of data 
after the exciter signal. Transponder 14 is similar in 
operation to transponder 16, but utilizes a full duplex 
technique that begins sending data while still receiving 40 
an exciter signal. Transponders 12, 14, and 16 are 
exemplary, and the present invention contemplates any 
transponder design and protocol to communicate with 
reader 10. 

An exciter signal is initiated at local oscillator 20 of 4S 
transmitter 18. In one embodiment, local oscillator 20 
generates signals at the same frequency as the reso- 
nant tuning frequency of antenna 30. The signal gener- 
ated by local oscillator 20 passes to amplifier 22 for 
amplification. sq 

Loading circuitry 24 allows transmitter 18 to adjust 
the quality of antenna 30. To generate a short pulse 
exciter signal, such as an exciter signal' of one or a few 
cycles to interrogate transponder 12. controller 42 
closes switch 26 and resistor 28 operates to suppress ss 
the ringing or flywheel effect of antenna 30. To generate 
an exciter signal of many cycles to interrogate trans- 
ponders 14 and 16. controller 42 opens switch 26 and 
the full quality of antenna 30 is utilized. Controller 42 



controls local oscillator 20. amplifier 22. and switch 26 
to generate an exciter signal with the selected fre- 
quency, duration, and amplitude. The exciter signal 
passes to antenna 30 for transmission to transponders 
12. 14, and 16. as shown by links 50, 62. and 66, 
respectively. 

Transponder 12 receives the exciter signal over link 
50 using the antenna comprised of coil 52 and capacitor 
54. Coil 52 and capacitor 54 of transponder 12 may be 
chosen with the same values as coil 34 and capacitor 
32 of reader 10. If the exdter signal received by trans- 
ponder 12 is the proper protocol, then controller 60 
responds by causing transmission of a modulated sig- 
nal to reader 10 using link 50. Controller 60 modulates 
identification data or other information by operating 
switch 58. When switch 58 is open, transponder 12 
transmits a signal to rieader 10 at a first frequency deter- 
mined by coil 52 and capacitor 54. When switch 58 is 
dosed, transponder 12 transmits a signal to reader 10 
at a second frequency determined by coil 52 and the 
sum of the capacitance of capacitors 54 and 56. In this 
manner, transponder 12 nx>dulates the data sent to 
reader 10 using a frequency shift keying (FSK) tech- 
nique. 

Transponder 14 also responds to an appropriate 
exciter signal by operating switch 58 to modulate infor- 
mation transmitted to reader 10. However, transponder 
14 utilizes an amplitude modulation technique to gener- 
ate the modulated signal. When switch 58 is open, 
transponder 14 transmits a signal to reader 10 at full 
amplitude. When switch 58 is closed, resistor 64 cou- 
ples in parallel to coil 52 and capadtor 54 and trans- 
ponder 14 transmits a signal at reduced amplitude. 
When operating in full duplex, transponder 14 transmits 
amplitude modulated information to reader 10 simulta- 
neously with the reception of an exciter signal. 

Like transponder 12, transponder 16 responds with 
an FSK modulated signal when it receives an appropri- 
ate exciter signal from reader 10. 

Antenna 30 of reader 10 receives modulated sig- 
nals from transponders 12. 14. and 16 and passes 
these signals to receiver 36. Amplifier 38 amplifies the 
modulated signals and passes them to demodulator 40. 
After performing frequency, amplitude, or phase demod- 
ulation, demodulator 40 passes the recovered data over 
data line 48 to controller 42. The data may then be 
stored locally or remotely by controller 42 for later 
access and processing. 

FIGURE 2 illustrates a flow chart of a method for 
operating reader 10 in transponder system 8. Reader 
10 transmits a first exciter signal (block 100). The first 
exciter signal is in the protocol that corresponds to 
transponder 12. If transponder 12 is within the interro- 
gation range of reader 10 and responds to the first 
exciter signal (block 102). then reader 10 receives a 
modulated signal from transponder 12 (block 104). 
Reader 10 continues to transmit the first exciter signal 
(block 100) and receive a modulated signal from trans- 
ponder 12 (block 104) until no response is received. 
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If reader 10 does not receive a response to the first 
exciter signal (block 102). then reader 10 transmits a 
second exciter signal (block 106). In one embodiment 
the second exciter signal may be compatible with both 
transponder 14 operating in fuel duplex and trans- , 
ponder 1 6 operating in half duplex. If transponder 1 4 is 
within interrogation range and recognizes the second 
exciter signal, then transponder 14 responds while still 
receiving the second exciter signal (block 108) Reader 
10 receives the modulated signal from the second ,o 
transponder (block 1 10) and returns to transmit the first 
exciter signal (block 100) when finished. 

If transponder 16 is within interrogation range and 
recognizes the second exciter signal, then transponder 
16 may respond in a half duplex manner after fransmis- ,s 
sion of the second exciter signal is complete (block 
112). Reader 10 receives a modulation signal from the 
third transponder (block 1 14) and returns to transmit the 
first exdter signal (block 1 00) when finished 

Therefore; by sequentially transmitting the first so 
exater signal (block 100) and the second exciter signal 
(block 106). reader 10 may interrogate and receive 
responses from transponders 12. 14. and 16 operatina 

'^JUi'il-"^ "^'^ ''"P'^^ ^"^ "^'"9 '^'■"erent protocols 
FIGURE 3 illustrates the timing relationshio smonn « 
components in transponder system 8. Trace 200 illus'^ 
trates the timing relationship when reader 10 receives 
no responses from transponders 12, 14. or 16 Reader 
10 transmits a first exdter signal 202 of short duration 
intended for transponder 12. Since no response is 3o 
received dunng a silent response period 204 reader 10 
transmits a second exciter signal 206 of long duration 
intended for transponders 14 and 16. After the silent 
response period 208 associated with the second exciter 
signal 206. reader 10 transmits the first exciter signal 35 
202 again. Reader 10 repeats this process until it 
receives a response from transponders 12 14 or 16 

The first exciter signal 202 and its associated silent 
response period 204 together comprise a cyde time 
210 for interrogating transponder 12. The second 4o 
exciter signal 206 and its corresponding silent response 
time 208 together comprise the cycle time 21 1 for inter- 
rogating transponders 14 and 16. In this embodiment 
cyde time 210 is shorter than cyde time 21 1 due to the 
different operations of transponders 1 2. 1 4 and 1 6 « 

Trace 212 illustrates an interrogation a"nd response 
sequence between reader 10 and transponder 12 In 
this case, first exdter signal 202 is immediately followed 
by a response 214 from first transponder 12. Reader 10 
continues to issue first exciter signals 202 for as fonq as so 
transponder 12 continues to respond. Upon encourter- 
ing silent response period 204. reader 1 0 transmits sec- 
ond exciter signal 206 to transponders 14 and 16 In 
one embodiment, each response 214 of transponder 1 2 
represents a bit of data for transmission to reader 10 ss 
For example, first exdter signal 202 may represent a 
single cyde transmitted by reader 10 and each 
response 214 from transponder 12 represents several 
cydes at a first or second frequency depending on the 



position of switch 58 of transponder 12. "me series of 
f.rst exciter signals 202 followed by responses 214 reo 
resents a data telegram 216 issued byTransponder T2 
Trace 218 illustrates an interrogation and response 
sequence between reader 10 and transpond^A 
Reader 10 transmits first exciter signal 202 which is f J: 
owed by silent response period 204. Reader 10 begins 
to transmit second exciter signal 206. After receiving 
several cycles of second exdter signal 206. transpS 
14 operatng in full duplex is sufficiently energized to 

siS 2TT^ "'"^ "'^^'■^'■"^ second' excitlr 
signal 206. The response time 220 of transponder 14 
may erminate with the termination of second exciter 
signal 206. However, in the case where trans^nSr 14 
may be powered at least in part by a batter^or oiil^ 
local power source, the response time 220 may extend 
beyond termination of second exciter signal ZoTTe 

20^2^0 'd.r:!'""* ^"""^ designated as 

In one embodiment, transponder 14 performs 
amplitude modulation on the data sent to reader loTy 
operating switoh 58. The response period 220 repre 
oe. uc « uc..a leiegram 222 issued by transponder 14 
Fo lowing the response period 220. reader 10 mat 
detect a response from transponder 16 during periS 
223. as described below with reference to trace ?24^ 
no response is received from transponder 1 6 during this 
period, then reader 1 0 continues the sequence o t^r^ 
mitting first exciter signal 202 and second excLr Jnal 

Trace 224 illustrates an interrogation and response 
sequence between reader 10 and transponder Te 
Unlike transponder 14. transponder 16 operates at ha» 

second exciter signal 206. Transponder 16 generates a 
response 226 by operating switch 58 to FSK mcSSte 
.ts transmitted information. The complete re^onS rS 
'"""Zl , 228 issued by tran;:,nderT6 

Although the present invention has been described 
with several embodiments, a myriad of changes S 
tions alterations, transformations, and mcS^L^ns 
may be suggested to one skilled in the art an^ "s 
^tended that the present invention encompas^ such 
SSfo~ '-"ons. :nS 

Claims 

1- A transponder system, comprising: 

a reader operable to transmit a selected one of 
ajirst exciter signal and a second exciter sig- 

he reader, the first transponder operable to 
first modulated signal in response to the first 
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exciter signal; 

a second transponder located in spaced rela- 
tion to the reader, the second transponder 
operable to receive the second exciter signal 
and to transmit a second modulated signal in s 
response to the second exciter signal; arxJ 
the reader operable to receive the first modu- 
lated signal and the second modulated signal. 

2. The transponder system as claimed in Claim 1. io 
wherein: 

the first exciter signal comprises a fixed fre- 
quency signal of a first duration; and 
the second exciter signal comprises a fixed fre- is 
quency signal of a second duration, the second 
duration being greater than the first duration. 

3. The transponder system as claimed Claim 1 or 
Claim 2, wherein the reader alternately transmits 20 
the first exciter signal and the second exciter signal. 

4. The transponder system as claimed in any preced- 
ing claim further comprising; a third transponder 
operable to receive the second exciter signal and to 25 
begin transmission of a third modulated signal while 
receiving the second exciter signal. 

5. The transponder system as claimed in any preced- 
ing claim wherein the first modulated signal and the 30 
second modulated signal are frequency modulated. 

6. The transponder system as claimed in any preced- 
ing claim, wherein the reader successively trans- 
mits the first exciter signal after receiving the first 35 
modulated signal. 

7. The transponder system as claimed in any preced- 
ing claim, wherein the reader transmits the second 
exciter signal after receiving the second modulated 40 
signal. 

8. A method for operating a reader to communicate 
with at least two transponders, comprising: 

45 

transmitting a first exciter signal; 
receiving a first modulated signal from a first 
transponder if the first transponder receives the 
first exciter signal; 

transmitting a second exciter signal; and so 
receiving a second modulated signal from a 
second transponder if the second transponder . . 
receives the second exciter signal. 

9. The method as claimed in Claim 8, wherein the ss 
transmitting steps comprise; 

transmitting a first exciter signal having a fixed 
frequency signal of a first duration; and 



transmitting a second exciter signal having a 
fixed frequency signal of a second duration, the 
second duration being greater than the first 
duration. 

10. The method as claimed in Claim 8 or Claim 9. fur- 
ther comprising the step of; receiving a third modu- 
lated signal transmitted by a third transponder while 
the third transponder receives the second exciter 
signal. 

11. The method as claimed in Claims 8 to 10. further 
comprising frequency modulating the first modu- 
lated signal and the second modulated signal. 

12. The method as claimed in Claims 8 to 11. wherein 
the steps of transmitting the first exciter signal and 
receiving the first modulated signal are repeated 
until a data telegram is received at the reader. 

13. The method as claimed in Claims 8 to 12, further 
comprising the step of; transmitting the first exciter 
signal after receiving the second nrxxJulated signal. 

14. A reader, comprising: 

a transmitter operable to transmit a selected 
one of a first exciter signal and a second exciter 
signal; and 

a receiver operable to receive a first modulated 
signal from a first transponder responding to 
the first exciter signal, the receiver further oper- 
able to receive a second modulated signal from 
a second transponder responding to the sec- 
ond exciter signal. 

15. The reader as claimed in Claim 14. further compris- 
ing a controller coupled to the transmitter, the con- 
troller being operable to select one of a first exciter 
signal and a second exciter signal to be transmitted 
by the transmitter. 

16. The reader as claimed in Claim 14 or Claim 15 fur- 
ther comprising; an antenna coupled to the trans- 
mitter and the receiver, the antenna being operable 
to transmit the first exciter signal and the second 
exciter signal, and to receive the first modulated 
signal and the second modulated signal. 

17. The reader as claimed in Claims 14 to 16. further 
comprising: 

a transmit antenna coupled to the transmitter 
and operable to transmit the first exciter signal 
and the second exciter signal; and 
a receive antenna coupled to the receiver and 
operable to receive the first modulated signal 
and the second modulated signal. 



10 



5 



w 



^ EP 0 768 540 A1 

18. The reader as claimed in Claims 14 to 17 wherein 
the receiver is operable to receive a third m'oduiated 
signal transmitted by a third transponder during 
transmission of the second exciter signal. 

19. The reader as claimed in Claims 14 to 18. wherein 
the transmitter comprises: 

an oscillator operable to generate a periodic 
signal; 

an amplifier having an input coupled to the 
oscillator, the amplifier operable to amplify the 
periodic signal; 

an antenna coupled to an output of the ampli- 
fier; and 

loading circuitry coupled to the output of the 
amplifier, and operable to degrade the quality 
of the antenna when enabled. 

20. The reader as claimed in Claim 19. wherein the 
oading circuitry is enabled during transmission of 
the first exciter signal and disabled during transmis- 
sion of the second exciter signal. 
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